Quantitative Structure Activity Relationships (QSAR) have been used successfully in the past to develop predictive equations for a variety of physical and biological 1 properties. A subset of QSAR, Linear Solvation Energy Relationshi ps (LSER) , have been used by Kamlet and Taft to predict and correlate over 100 solute/solvent related properties. A major difficulty with LSER is the use of empirically derived descriptors. The use of theoretically determined molecular volumes in place of empirically determined molar volume in LSER equations is discussed. 
INTRODUCTION
In many areas of basic and applied research it is necessary to know the physical properties of various classes of chemical compounds. Often, the physical properties of a particular compound are not known, and synthesis of the compound and measurement of its physical properties are not possible due to time and/or monetary constraints. Therefore, methods need to be developed that will allow for the prediction of physical properties of interest. Two compilations by Reid and PrausnitzI and Lyman 2 have been published detailing_ estimation models for a variety of properties.
1 ,2
At the Chemical Research, Development and Engineering Center (CRDEC), many of the existing estimation models for physical properties described in references 1 and 2 do not apply. This is primarily due to the nature of the classes of compounds of interest to the CRDEC.
For this reason, either new models must be generated specific to those classes of compounds or existing models must be modified to include them.
In the past several years, numerous parameters have been used in Quantitative Structure Activity Relationships (QSAR) to explain a variety of structure/property interactions. 3 -5 Many, indeed most, of these parameters are empirically derived.
This implies that the series-of compounds to which the equations apply must have had those parameters measured, or that an acceptable method of predicting those parameters must have been generated. Examples of this type of parameter can be seen in the octanol/water partition coefficient 6 the molar volume, 7 or any of the Taft-Kamlet solvatochromic parameters 3 o It is often difficult to find a compound that has the property (also called activity) and all of the necessary parameters measured. Therefore, it would be benefical to be able to derive Structure-Activity Relationships (SAR) from theoretically or computaticnally derived parameters. Several cases of quantum chemically derived parameters being used in SAR equations have been reported. 9 
In Linear Solvation Energy Relationships (LSER), a subset of QSAR, Taft, Kamlet, and co-workers have been successful in correlating a variety of properties with a series of parameters defined by them as soivatochromic parameters. 11 ' 1 2 From these relationships, they have developed a generalized linear solvation energy relationship equation; Property = cavity term + polarizability term (1) + hydrogen bonding terms + intercept Depending upon whether one is dealing with the examination of properties of solvents or solutes, the cavity term is either the Hildebrand Solubility Parameter (for solvents) or molar volume (for solutes). The polarizability term is a measured quantity from UV-Vis spectroscopy, as are the two hydrogen bonding terms, one for acidity and one for basicity.
All of these parameters are empirical in nature; they must be "measured for a particular compound or, at the least, a series of compounds.
If a computationally derivable term could replace one or more of these parameters, then the utility of these equations would be greatly enhanced. You would be able to incorporate a larger number of compounds than currently have measured solvatochromic parameters.
In effect, the LSER equation consists of two types of descriptors, a size term (molar volume) and electronic terms (polarizability and hydrogen bond acidities and basicities).
The size term has been the easiest terni to model, so it is sensible to focus on defining a theoretically derived size term to replace the molar volume.
The Chemometric/Biometric Modeling Branch of CRDEC has a Molecular Modeling, Analysis and Display System (MMADS) in operation, which, among other items, will calculate the minimum energy conformation of molecules, the volumes and areas, and the running of a variety of quantum chemical programs. 13 Described here is the use of the MMADS in deriving molecular volumes dnd the use of these molecular volumes in LSER equations ir place of the molar volumes. The correlation of the molecular volume with the molar volume will also be discussed.
EXPERIMENTAL METHOD

2.1
Experimental Data.
The molar volumes oF the compounds used in this study were taken from a series of papers by Kamlet and Taft, as were the octanol/water partition coefficients and the charcoal absorptivity values.14, 1 5 The fish toxicity data was taken from a paper by H. Konemann. 1 6 The comparison of molar volume and molecular volume used only compounds from the octanol/water partition coefficient data.
2.2
Calculated Molecular Volumes.
The molecular volume was calculated using the MIMADS, which is located in the Chemometric/Biometric Modeling Branch, CRDEC.
The MMADS runs on a VAX 11/730 under the VMS Operating System. The chemical structures were input into the computer in a variety of methods,* and the structures were optimized via molecular mechanics. 1 7 The molecular volumes wire then calculated using an algorithm developed by Hopfinger. 1 8 All multiple linear regressions were run on a Hewlitt-Packard 9845B microcomputer running the HP StatPack. The primary step in determining 'f molecular volume could be used in place of molar volume was to determine how well the two-size terms correlated with each other.
In principle, since both are measures of the bulk of a molecule, they should be highly correlated.
Using selected aliphatic compounds used by Taft et al. (Table 1 When the alcohols and aromatics listed in Tables 2 and 3 , respectively, are added to the compounds in Table 1 Two general relationships can be noted: one, the calculated molar volume of the aromatics is consistently 9.5 mol/mL too low and, two, the alcohols are consistently off by about 7 mol/mL. If both of these corrections are taken into account, that is, the molecular volune is altered for alcohols and aromatics,* then the results become: *For a complete explanation of underlying physical organic principles, see Taft et al. 1 4 MolarVol/100 = .909(Molecular Volume/lO0) + .176
As can be seen from equations 1 and 2, the relationship between molar volume and molecular volume is somewhat class dependendent.
However, by using the aliphatics as a "base line," both alcohols and aromatics fall off the curve by a consistent amount (for each of the two classes). From this, then, a correction can be applied to either the molar volume or molecular volume to give the aromatics and alcohols a better fit.
Kamlet and Taft 1 9 noted that when they used molar volume of aromatics in their relationships, they had to make a correction of 10 mol/mL in order to achieve the best results. The average deviation for the aromatics from the aliphatic "base line" is 9.5 niL/mol.
In addition, ?!MAPS has no method for checking for volume shrinkage due to hydrogen bonding in alcohols. The reason is that MMADS views a single molecule, isolated in the free state (i.e., gaseous in a vacuum).
Therefore, intermolecular forces such as hydrogen bonding and imperfect packing must be added in,
Replacement of Molar Volume with Molecular Volume in LSER Equations.
Since it has been shown that the correlation between molar volume and molecular volume is indeed very high, it seems reasonable that the LSER equations should maintain the same high predictive capability when molar volume is replaced by molecular volume. This section gives several pertinent examples where this has been done.
3.2.1
Octanol/Water Partition Coefficient.
The octanol/water partition coefficient has been used extensively in QSAR equations and in explaining transport properties of chemical compounds through the body. The major reason is that the partitioning of compounds between octanol and water models very well the partitioning of chemicals between lipophilic and hydrophilic regions (e.g., the blood-brain barrier).
As such, the octanol/water partition coefficient has generated a lot of interest, and methods have been developed to predict the values for compounds that have not been measured.
In modeling of biological activities, Log P has often been the sole, or the major, independent variable.
It would therefore make sense thdt in determining the usefulness of LSER equations and in using theoretically derived descriptors, you would attempt to model this very useful property/parameter.
The theoretically calculated molecular volume was used in place of the molar volume in three seperate correlations. Equation 5 shows the correlation of Log P with the molecular volume for 37 aliphatic compounds (Tables  4 and 5 Figure 2 shows a plot of the predicted value of Log P versus the observed value.
This compares to a regression of 47 allphatics from Taft and Kamlet using the molar volume: Log P = 2.66 (MolVol) -.96(pt) -3.38(beta) + .24
Fourteen aliphatic alcohols were added to the data set (Tables 6  and 7) , and the resultant multiple linear regression yielded:
Log P = 2.835(MolVol) -1.001(pi) -3.7.69(beta) + .500 (7) R = .991 sd = .161 n = 52 Figure 3 shows graphically the difference between the observed and the predicted values.
Adding the aromatics listed in Table 5 and using the correction factor of 7.5 mol/mL for the alcohols, the following relationship is derived: Kamlet and Taft et al. 1 9 showed that the distribution of organic solutes between solution (in water) and adsorption on charcoal is a solubility property that can be modeled using the solvatochromic parameters. Using the data in Table 8 , the following regession was determined using the Taft-Kamlet parameters and molecular volume (Table 9) The examples listed so far have shown the validity of the LSER equations and molecular volume to physical/chemical properties.
An example of the predictive capability for general toxicological properties can be seen in Konemann's fish toxicity. 1 6 Using Konemann's data on the toxicity (LC50) of 50 industrial pollutants on 2-to 3-month-old guppies (Poecilia reticulata) 1 6 and determining the beta and pi from Kamlet and Taft, 19 a relationship for LC50 was determined utilizing both solids and liquids. The parameters (pi, beta, McVol, and observed and predicted Log LC50) are found in Table 10 . The Taft-Kamlet parameters are not capable of handling solids, as liquid density is required in the molar volume. It can be seen from the correlations that, indeed, there is an excellent correlation between molecular volume and molar volume.
The only real difference in the two measures is that while the molecular volume measures only the theoretical volume of a free-standing molecule with no external or intermolecular forces acting upon it, the molar volume is an "effectlve volume," measured only in the liquid phase with hydorgen bonding, packing forces, etc. being taken into account.
Since the molar volume is defined as the molecular weight/liquid density, additional volumes due to imperfect packing may be included here.
The molar volume has an additional disadvantage in that it is measured from liquid density. This precludes solids and gases from being utilized in LSER equations that incorporate molar volume.
The molecular volume, on the other hand, requires no such caveat and, in principle, may allow incorporation of solids and gases Into LSER equations. Please note that volumes calculated in this way do not take into account any intermolecular forces, so solids in some instances may not generate the true molecular volume.
in some preliminary work, Leahy found this not to be true. LSER equations using the 'molecular volume are as good a fit, or nearly so, as those equations using the molar volume.
In examining the Konemann toxicity data on fish, it should be noted that 12 of the 23 compounds used were solids; therefore, it would be impossible or meaningless to use the complete set of solvotochromic parameters.
Another important result is that the Kamiet-Taft solvotochromic parameters yield equations that make chemical sense. That is, their parameters have chemical meaning, so that one can grasp the physical significance of the equations as well as the predictive capability. This can be seen clearly in all of the properties given in this paper.
It can be illustrated by using the octanol/water partition coefficient as an example. The three significant terms in Equation 8 are molar volume, hydrogen bond basicity, and polarizability. As molar volume increases, the value of Log P also increases, indicating that more of the solute resides in the lipophilic octanol layer. This is consistent with experiment in that large molecules do have lower solubilities in polar solvents (like water).
Inversely, an increase in the polarizability and hydrogen bond basicity decrease the Log P value, indicating a favoring of the hydrophilic (water) region. Since both polarizability and hyrdogen bonding ability are indicative of charge buildup, this result is also not suprising. In addition, since each of the parameters are roughly scaled to within the same limits, observing the absolute values of the coefficients indicates the relative importance of ea-;h variable. In the case of the octanol/water partition coefficient, the hydrogen basicity and size are the most important descriptors.
With the substitution of molecular volume into the equations, the same information is maintained; the signs and relative weighting of the coefficients remain the same.
CONCLUSIONS
It has been shown that the Generalized Linear Solvation Energy Relationship of Taft and Kamlet can be useful in predicting a wide variety of the properties of the solute/solvent interaction as well as rationalizing chemical behavior. With the substitution of the molar volume by molecular volume, the predictive capability remains the same, as does the content of information.
Since crystal packing forces are not being taken intn account, you would think that the theoretical molecular volumes alone would be insufficient to describe the size and shape of solids. However, from this study and Leahy's work, 2 o this does not appear to be the case. The molecular volume, at least to a first approximation, seems to allow for the incorporation of solids into the correlation equations with no apparent degradation of fit, although the addition of a packing force term may further increase the correlation. PSI4OIPSJd mox 801
